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[57] ABSTRACT 

A method and apparatus for detemiining the charac 
teristics of a luminescent material using a monochro 
mator to detect the intensity of a light emitted by the 
material at a single major spectral line as the material 
is scanned. The wavelength of a monochromator is ad 
justed such that the intensity being measured is the 
peak intensity. The fact that the intensity is the peak 
intensity is determined by taking the derivative of the 
intensity with respect to wavelength as the wavelength 
of the monochromator is modulated by a wavelength 
Wobbler. The intensity is at its peak when the deriva 
tive equals zero. The derivative signal is applied to a 
servo loop which controls the wavelength of the 
monochromator and varies the wavelength such that 
the derivative is maintained equal to zero. This tech? 
nique may be used to determine the atomic propor 
tions of material having intensity and/or wavelength 
related to its composition, to de?ne areas of a material 
having particular characteristics, to evaluate a piece of 
material, or to determine the line shape of the spectral 
curve at a point on the material. 

18 Claim, 5 Drawing Figures 
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AUTOMATIC WAVELENGTH TRACKING SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a method and apparatus for 

determining the characteristics of a luminescent mate 
rial and more particularly to a method and apparatus 
for providing a continuous measurement of the peak 
intensity and the wavelength at which the peak inten 
sity occurs as a function of position on the material. 

2. Description of the Prior Art 
The prior art systems for determining the characteris 

tics of a luminescent material trace out the photolumi 
nescence spectrum for each point on the wafer. The 
area under the spectral curve gives the visible lumines 
cence efficiency while the wavelength at the peak may 
be used to obtain the alloy composition. Measurements 
of this type are obviously very time consuming and give 
only a limited picture of the properties of the entire 
piece of material since the analysis is conducted in a 
point-by-point manner. Systems of this type therefore 
are unable to give rapid efficient analysis of lumines 
cent materials. 
The general technique of measuring properties of a 

material using a modulated monochromator is old as 
evidenced by US. Pat. No. 3,565,567. Furthermore, 
devices using the derivative of a spectral signal are also 
known in the art as evidenced by US. Pat. No. 
3,578,866. The derivative signal is used to determine 
points of peak intensity in the spectrum. 

SUMMARY OF THE INVENTION 

It is a primary object of this invention to provide a 
method and apparatus for quickly and easily determin 
ing the characteristics of a luminescent material. 

It is another object of this invention to provide a 
method and apparatus for continuously measuring the 
peak intensity and the wavelength at which the peak 
intensity occurs as a function of position on a piece of 
luminescent material. 

It is still another object of this invention to determine 
the derivative of intensity with respect to wavelength 
for a luminescent material and for maintaining the de 
rivative equal to zero. 

It is still a further object of this invention to provide 
a feedback loop which detects the derivative of inten 
sity with respect to wavelength and then adjusts the 
wavelength at which the intensity is being measured 
such that the derivative is constantly maintained at 
zero. 

This invention provides a method and apparatus for 
continuously determining the peak intensity and the 
wavelength at which the peak intensity occurs for a lu 
minescent material such as an LED wafer. The radia 
tion emitted by the wafer as the wafer is scanned is 
measured by a monochromator which is set to a partic 
ular wavelength of detection. The wavelength of detec 
tion is then modulated by a wavelength wobbler over 
a small portion of the spectrum to get an output from 
the monochromator which is proportional to the deriv 
ative of the intensity with respect to wavelength. The 
derivative signal is applied through a servo loop back 
to the wavelength adjusting mechanism of the mono 
chromator in order to readjust the wavelength of detec 
tion to another particular wavelength, if necessary, so 
that the derivative is maintained at zero during the‘ 
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scan. A zero derivative is indicative of peak intensity at 
the particular wavelength. The wavelength setting of 
the monochromator is continually monitored and in 
this manner the wavelength at which the peak intensity 
occurs is constantly being monitored since the mono 
chromator is always adjusted to the particular wave 
length to give peak intensity. The peak intensity itself 
is also measured. The peak intensity and the wave 
length at which it occurs are recorded as a function of 
position on the wafer and thus the characteristics of 
peak intensity and wavelength can quickly and easily 
be determined for the wafer. 
The atomic proportions of a luminescent material 

may be determined by the above technique if the mate 
rial is of the type having its composition related to lumi— 
nescent intensity and/or wavelength. The material is 
scanned and the intensity and/or wavelength outputs 
may be substituted into the composition relationship to 
give an output indicative of the atomic proportions; 

If a piece of luminescent material has areas of differ 
ent characteristics, such as doped and undoped areas, 
the areas may be de?ned by using the above technique 
with the peak intensity and wavelength being recorded 
as a function of position. There will be sharp changes 
in the peak intensity and wavelength as the scan passes 
from one area to another. 
Parameters, which are related to intensity and wave 

length, for determining the quality of a luminescent 
material may be developed and the technique de 
scribed above may be used to rapidly determine the pa 
rameters and thus assess the quality of the material. 
The technique also has application in determining 

the line shape of the spectral curve at a point on a lumi 
nescent material. The line shape may be expressed in 
terms of skewness of the peak and width of the line. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of the apparatus of the 
present invention. 
FIG. 2 are curves developed for determining the 

atomic proportions of the elements comprising the 
alloy composition of a wafer. 
FIG. 3 are curves developed for determining the lo 

cation of diffused regions in an LED wafer. 
FIGS. 4A and 4B represent ideal and skewed spectral 

lines which may be analyzed using the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1, a luminescent material such as 
an LED wafer 2, which is to be analyzed, is placed in 
a test stand 4. The test stand includes a drive motor 6 
which moves the wafer along one of its dimensions. The 
wafer is excited byy a laser 8 and the radiation emitted 
by the wafer is detected by a monochromator 10 such 
as a Perkin-Elmer PE-98. The monochromator detects 
the intensity of the light emitted by the wafer at a par 
ticular wavelength to which it is set. The wavelength of 
detection of the monochromator is-modulated by a 
wavelength wobbler 12, such as American Time Prod 
uc'ts Inc. L-45 Optical Scanner, included within the 
monochromator. Due to wavelength modulation or 
wobbling, the output of the monochromator includes 
two signals, the ?rst indicative of the intensity of the 
light emitted by the wafer at the wavelength of the 
monochromator, and the second which is proportional 
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to the derivative of the intensity with respect to wave 
length. 
The intensity signal and its derivative which are the 

outputs of the ‘monochromator are derived as follows. 
The intensity of a single spectral peak can be expressed 
in the form of a rapidly converging polynomial such as 

1 = intensity 
0 = wavelength at the peak 

dl/dk = O + a2 + 2a;; (A — x0) + 3a4 (A — A,,)2 + 

(2) 

Using a wavelength wobbler to change the wave 
length by a small amount AA: 

}\=}\,,+A}\ sin wt 

(3) 

where w = frequency of the wobbler. 
Substituting (3) into (1): 

I =a, +02 AA sin out + ( l/2)a3 (AA)2 (1 — cos 2wt) + 

(4) 

and for small (A — A0 or AA): 

1 =0] 

(5) 

dI/dk =02. 

(6) 

It can be seen that if the output of the monochroma 
tor is l, as expressed in equation (4), it contains the 
terms a, and aZAA sinwr. The a, term may be considered 
the DC output and the 02 the AC output. As shown in 
equation (5) the DC output a, is proportional to I, and 
as shown in equation (6) the AC output a2AA is propor 
tional to a'I/zlk. The intensity and intensity derivatives 
are thus readily obtainable by detecting the DC and AC 
outputs of the monochromator, respectively. 
These AC and DC signals corresponding to the deriv 

ative of intensity and intensity are detected by photo 
' multiplier 14. The DC signal is applied to recorder 16 
which records the intensity as a function of the location 
or position of the point at which the beam of the laser 
strikes and excites the wafer. The AC signal is applied 
to lock-in ampli?er 18 which is a narrow band ampli?er 
such as Princeton Applied Research .IB-5. The output 
of the ampli?er which is proportional to 112A)“ the de 
rivative, is applied to servomotor 20 through servo am 
pli?er 22. The servo motor 20 is connected to the 
monochromator wavelength setting drive mechanism 
24 which adjusts the wavelength of detection to which 
the monochromator is set. The shaft position of the 
wavelength setting drive mechanism 24 is sensed by 
shaft position sensor 26, the output of which is a func 
tion of the wavelength of detection of the monochro 
mator, and is applied to recorder 16 which records the 
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4 
wavelength of detection of the monochromator as a 
function of the position on the wafer. 
The spectral curve at a particular point on the wafer 

has a waveshape which rises from a zero intensity and 
increases to a peak intensity at the main spectral line 
and then decreases as the wavelength goes above the 
main spectral line. The derivative of the intensity with 
respect to the wavelength is Zero at the peak of the 
curve. This phenomenon is used to continuously main 
tain the wavelength of detection of the monochromator 
at the peak intensity of the wafer at any point on the 
wafer as the wafer is being scanned. The servo loop in 
the system is arranged such that when the derivative is 
positive indicating that the wavelength of detection of 
the monochromator is below the wavelength of peak 
intensity, the servo motor drives the wavelength setting 
drive mechanism in order to increase the wavelength of 
detection to the peak intensity. When the wavelength 
of detection goes above the wavelength corresponding 
to peak intensity, a negative derivative is produced and 
this is used to drive the servo motor in the opposite di 
rection, thereby decreasing the wavelength of detec 
tion of the monochromator until it returns to the wave 
length corresponding to peak intensity. In this manner, 
the wavelength of detection is constantly maintained at 
the wavelength corresponding to peak intensity and the 
intensity output from the photomultiplier is therefore 
the peak intensity of the wafer at continuous points 
along the scan of the wafer. 
The apparatus of FIG. 1 can be used to determine the 

atomic composition or elemental proportions of a lumi 
nescent material such as an LED wafer from its lumi 
nescent intensity and/or wavelength of the emitted light 
as a function of position. The material is scanned by the 
apparatus described in FIG. 1 which produces outputs 
of peak intensity as a function of position and wave 
length, at which the peak intensity occurs, as a function 
of position. These outputs are substituted into known 
relationships, as reported for example, in Journal of 
Applied Physics 42, ( I971 ) by A. Onton, N. R. Lorenz 
and W. Reuter for the InHTGaIP alloy system (other 
alloy systems are also reported in the open literature), 
preferably by the equipment itself, to produce outputs 
equal to the atomic proportion of elements of the mate 
rial as a function of position. Thus, the overall composi 
tion of the material and variations therein may be easily 
and rapidly determined. 

Referring to FIG. 2, curve 1 represents the peak in 
tensity as a function of the distance d from one of the 
edges of an indium gallium phosphide wafer having the 
composition InHFGaIP, wherein x represents the ' 
atomic proportion of gallium in the In Ga P wafer com 
position in this example. The curve A, representing the 
wavelength at which the peak intensity occurs, can be 
converted to the atomic proportion x using known rela 
tionships. From the atomic proportion of x the overall 
elemental composition of the In Ga P wafer is deter 
mined. Using the apparatus shown in FIG. 1 the wafer 
under test is placed in the stand and then scanned in the 
d direction. The curves in FIG. 2 are the signals contin 
uously recorded by recorder~l6. In this particular LED 
wafer, the elemental composition varied in the d direc 
tion and the intensity also varied. 
As can be seen from the above the elemental comp'o- ‘ 

sition of an In,_ GaIP wafer can be determined. The 
method generally can be used for any system'ternary 
alloys having the general formula M1_ NJW vor 
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MV,_IW, wherein M and N are elements of Group 
[11A of the periodic table such as Al, Ga, or In and V 
and W are elements of Group VA of the periodic table 
such as P, As, or Sb. The method is also suitable for ter 
nary Group III — Group VI systems and Group I - VII 
systems. For the Group III — Group V systems the 
method is useful in the direct gap range of alloy compo 
sitions. Basically, the method is suitable for any alloy 
composition which exhibits band gap luminescence and 
the alloy composition is given by a single parameter, 
such as x in the speci?c example set forth above. 
The apparatus of FIG. 1 can also be used to locate 

and map out areas of a luminescent material having 
characteristics different from other areas if the charac 
teristics are related to luminescent intensity and/or 
wavelength. For instance if an area of the material is 
doped differently than the remainder the differently 
doped area may be located by plotting the intensity 
and/or wavelength as a function of position. This tech 
nique is illustrated by referring to FIG. 3 which repre 
sents the peak intensity and wavelength parameters de 
rived from an LED wafer having diffused zinc regions 
using the apparatus of FIG. 1. The I curve is peak inten 
sity as a function of position while the A curve is wave 
length at peak intensity as a function of position. In the 
diffused regions, the intensity is high and the wave 
length is low. while in the spaces between the diffused 
regions, the wavelength is high and the intensity is low. 
The location of the diffused and non-diffused areas are 
readily apparent by viewing FIG. 3. 

In evaluating a luminescent material such as an LED 
wafer, a wide variety of parameters which are related 
to intensity and wavelength can be chosen to assess the 
quality of the material. The choice of parameter will of 
course depend on the purpose of the evaluation and 
thus would be made by the person conducting the eval 
uation. Once the parameters have been selected, the 
apparatus of FIG. 1 can be used to quickly and easily 
obtain the parameter selected by the operator. As an 
example, a ?rst set of parameters could be selected 
which are related to the wavelength of emissions. The 
parameters of this set could include the average wave 
length of peak emission; a number related to the stan 
dard deviation from the average of the wavelength of 
peak emission for the whole or any portion of the wa 
fer; and if the wafer is analyzed on a point-by-point 
basis even though the number of points may be large, 
the number of times that the wavelength of peak emis 
sion varies from the average wavelength of peak emis 
sion by a predetermined amount; or if the wafer is con 
sidered to be continuous, the percent of time of the 
scan of the wafer that the wavelength of peak emission 
differs from the average wavelength by a predeter 
mined amount. 
A second set of parameters is related to the intensity 

and includes an average or reference peak intensity; a 
number related to the standard deviation of the inten 
sity for all of the points on the wafer from the average 
or reference intensity; and when considering the wafer 
as a number of points the number of times that the in 
tensity differs by more than a predetermined amount 
from the average or reference intensity; and when con 
sidering the wafer as continuous the percent of time 
that the scan differs by more than the predetermined 
amount from the average or reference intensity. 

_ Using the apparatus shown in FIG. I, the average 
peak intensity and the wavelength of peak intensity are 
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6 
measured with the servo loop on. By having the servo 
loop on, the detection of peak intensity is assured. The 
average wavelength of peak intensity over the whole 
wafer is measured by using light from the entire wafer 
and focusing the light to a small spot on a diffuser plate 
which is then focused on the entrance slit of the mono 
chromator. The average or reference intensity may be 
measured at any spot on the wafer, butthe center is the 
most logical. Once the average wavelength and average 
or reference peak intensity have been determined, the 
servo loop is then turned off and the sample is scanned 
with the monochromator set to the average wavelength 
and the wavelength Wobbler operating. Since the servo 
loop is not on, the intensity is not necessarily the peak 
intensity and therefore the derivative of the intensity is 
not necessarily zero. The AC portion of the intensity 
signal and the derivative signal produced during the 
scan of the wafer are detected by the photomultiplier 
and integrated with the derivative signal ?rstbeing rec 
ti?ed. The recti?ed and integrated signals are used to 
obtain the numbers related to the standard deviation of 
the wavelength and intensity. 
The standard deviation is de?ned as 

(l — lo)2 

where I0 = reference intensity. This is actually the func 
tion produced by an AC rms voltmeter. Thus, for exam 
ple, in the simplest possible case (when the scan over 
the entire sample can be made very rapidly with a laser 
beam; the speed being limited mostly by luminescence 
response times) the intensity and derivative signals can 
be measured with an AC voltmeter. The AC voltmeter 
output will then be directly proportional to the stan 
dard deviations of the intensity and derivative with re 
spect to wavelength. In any speci?c case a proportion 
ality between the standard deviation of the wavelength 
derivative and the wavelength deviation of the peak 
from the average wavelength can be easily calculated. 
The standard deviation of intensity may be read di 
rectly from the voltmeter. 
By using gating and counting circuitry on the inten 

sity and derivative signals, it is possible to obtain di 
rectly numerical data on how much of the wafer or how 
many times on the wafer the intensity or wavelength 
deviated from the speci?ed average intensity or wave 
length by a predetermined amount. 
The measurement described above can be made rela 

tively fast and thus a large number of wafers could be 
evaluated in a short period'of time. The operator doing 
the testing would have to decide what he considered as 
acceptable criteria based on the standard deviation and 
the number of times and percent of scan that the wafer 
differs more than a predetermined amount from aver 
age values to determine if the wafers are acceptable for 
his purpose. Furthennore, it is readily apparent that 
any number of other parameters can also be develope 
and used to evaluate the wafers. - 
The apparatus of FIG. 1 can also be used to perform 

a line shape analysis on the wavelength spectrum of a 
point on a luminescent material. FIGS. 4A and 4B show 
a typical room temperature photoluminescent peak. It 
has a peak intensity 1,, at wavelength )to. For very small 
wavelength oscillations from the wavelength Wobbler, 
which are used to obtain the derivative of intensity as 
used'heretofore in the description of the application of 
the invention, the line width of the emission peak can 
be assumed tohave a parabolic top with no loss in ac 
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curacy for ?nding the wavelength at the peak A0. How 
ever, as the wavelength oscillation of the wobbler M is 
increased, the servo 0 point will begin to deviate from 
A‘, by an amount this is proportional to the skewness, 
i.e. the non-parabolicity, of the peak. This fact can be 
used to measure the skewness of the peak. Referring 
back to equations (2) and (4) it is apparent that as AA 
or (A — A0) increases, 01 becomes the average intensity 
while a2 becomes the average linear slope within 2AA 
since it is the derivative. Repeating equation (4) 

I=a1+a2 AX sinwt+(1/2)a3 (AA)2 (1 —cos 2 mt) + 

(4) 
if we stop the wobbler and look at the line shape in FIG. 
4A for deviations of AA from the peak 

(7) 

FIG. 4A is the ideal parabolic peak at A” with height of 
a]. lts half height is 01/2 and occurs for AA solved by 
substituting a1/2 for I in equation (7): 

(11/2 = (11+ 1/2 a3 (AMzM 

— 111/2 = l/2 a3 (AMZM 

(Ami. = \/—T3 

or for the purpose of measuring half width 

a3 = — ,,1/2(AA)2hh 

(3) 

where a1/2 is 10/2 and is set arbitrarily for the system. 
It can be seen then that when measuring the signal at 
a frequency 2w [see equation (4)], a signal propor 
tional to (13 is measured which in turn can be related di. 
rectly to line width by calibration [see equation (8)]. 
A realistic peak as described by equation (4) will, how 
ever not be perfectly parabolic (i.e., a2 = 0). lfaz is not 
equal to zero then the curve of equation (4) is as shown 
in FIG. 48. 
Now we still have a curve with height a1 and half 

width related to 03 but it is now tilted in the manner 
shown where the tilt is proportional to the coef?cient 
a2. This is the lowest order polynomial expression for 
an asymmetric peak. 
Of course the linewidth and skewness are not com 

pletely independent parameters mathematically. It has 
been shown, however, that for lineshapes normally en 
countered az (measured at frequency w) and a1; (mea 
sured at frequency 2w) provide useful measurements of 
skewness and linewidth. Therefore, from equation (4) 
it is seen that a2 contributes to the skewness of the peak 
while as determines the line width. 02 may therefore be 
de?ned as the skewness parameter while a3 is de?ned 
as the line width parameter and these two values may 
be easily determined by the system. For simple line 
shape, higher order terms are very small and are thus 
not considered. 
The system of FIG. 1 can be used to determine line 

shape in the following manner. The wavelength servo 
loop is disconnected. Then the photomultiplier D.C. 
anode current is brought to a preset value correspond 
ing to In. A' mechanical servo is activated to drive the 
wavelength amplitude of the wobbler AA up to the 
point at which the time U2 (13 (AK)2 of equation (4) 
reaches a preset value. a2 is then measured at the fre 
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8 
quency w[see equation (4)] to determine the skewness 
of the peak. as, the line width parameterlis then equal 
to c/AA2 where c is a constant for the system deter 
mined by the preset value for H2 a3 (AA? in the mea 
surement of a2 and AA can be detennined directly from 
a wafer on the wobbler drive. Therefore, the line width 
parameter a3 is readily obtainable. The parameter c is 
arbitrarily selected; however, typical values range from 
0.11,, to 0.210. ~ . 

From the foregoing, it is clear that the apparatus of 
FIG. 1 has wide application in determining properties 
of luminescent materials which have characteristics re 
lated to wavelength and/or intensity. The apparatus 
thus provides an easy and rapid technique for deter 
mining these parameters. 
While the invention has been particularly shown and 

described with reference to the preferred embodiment 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention. 
We claim: 
1. A method of determining, for a luminescent mate 

rial, the peak intensity and wavelength, at which the 
peak intensity occurs, as a function of position com 
prising the steps of: 

a. scanning said material in at least one direction; 
b. simultaneously measuring the intensity emitted 
from said material at a ?rst wavelength of detec 
tion; 

0. simultaneously varying the wavelength of detec 
tion at which the intensity is measured by a small 
amount about the ?rst wavelength of detection 
while continuously measuring the intensity; 

d. simultaneously measuring the derivative of the in 
tensity with respect to wavelength (dI/dk); and 

e. simultaneously readjusting the ?rst wavelength of 
detection such that dI/dA = 0 continuously during 
the scan whereby said continuous measurement of 
intensity is locked on the peak intensity at all posi 
tions along the scan of the material. 

2. The method as set forth in claim 1 further includ 
ing: 

a. recording the peak intensity as a function of posi 
tion; and 

b. recording the wavelength, at which peak intensity 
occurs, as a function of position. 

3. The method of claim 1 wherein the intensity of the 
material includes a DC and AC term and wherein mea 
suring the intensity comprises measuring the DC term 
and measuring the derivative comprises measuring the 
AC term. 

4. An apparatus for determining the characteristics 
of a luminescent material comprising: 

a. detecting means for detecting at a ?rst wavelength 
of detection the intensity of the light emitted by 
said material and for providing a signal having a 
?rst component which is a function of the intensity ' 
of said light and a second component which is a 
function of the derivative of the intensity with re-, 
spect to wavelength (dI/dA); 

b. wavelength detecting varying means for varying 
the wavelength of detection at which said detecting 
means detects the intensity of the light, said wave 
length varying means varying the wavelength of de 
tection by small increments about said ?rst wave 
length of detection; and 
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c. feedback means coupled to said detecting means, 
for controlling the ?rst wavelength of detection 
such that dI/d}t=O whereby the ?rst wavelength of 
detection is the wavelength of peak intensity of the 
light emitted by the material. 

5. The apparatus of claim 4 further including re 
corder means for recording the ?rst wavelength of de 
tection and peak intensity as a function of position on 
the material. 

6. The apparatus of claim 4 further including scan 
ning means for continuously scanning the material in at 
least one direction such that the intensity of light emit 
ted by the material is continuously detected. 

7. The apparatus of claim 4 wherein said detecting 
means comprises: 

a. a monochromator; and 
b. optical detector means. 
8. The apparatus of claim 6 wherein said feedback 

means comprises a servo loop connected between said 
optical detector and said monochromator wherein the 
dI/dk output of said optical detector is used to adjust 
the wavelength of the monochromator such that dI/dk 
= 0. 

9. A method of determining the elemental composi 
tion of a luminescent material having an elemental 
composition related to peak luminescent intensity and 
wavelength of peak luminescent intensity comprising 
the steps of: 

a. continuously measuring the peak intensity and 
wavelength as a function of position; and 

b. substituting the measured peak intensity and wave 
length into the relationship of composition and 
peak intensity and wavelength, whereby said 
atomic proportions are determined as a continuous 
function of position. 

10. A method of determining the elemental composi 
tion of a luminescent material having an elemental 
composition related to peak luminescent intensity and 
wavelength of peak luminescent intensity comprising 
the steps of: 

a. scanning said material in at least one direction; 
b. simultaneously measuring the intensity emitted 
from said material at a ?rst wavelength of detec 
tion; 

c. simultaneously varying the wavelength of detec 
tion at which the intensity is measured by a small 
amount about the ?rst wavelength of detection 
while continuously measuring the intensity; 

d. simultaneously measuring the derivative of the in 
tensity with respect to wavelength (zII/dk); 

e. simultaneously readjusting the ?rst wavelength of 
detection such that dI/dk = O continuously during 
the scan whereby said continuous measurement of 
intensity is locked on the peak intensity at all posi 
tions along the scan of the material; and 

f. substituting the measured peak intensity and wave 
length into the relationship of composition to peak 
intensity and wavelength, whereby said atomic pro 
portions are determined as a continuous function 
of position. 

11. A method of determining the location of areas on 
a luminescent material, the areas having characteristics 
different from other areas, wherein the characteristics 
are related to peak luminescent intensity and wave 
length of peak intensity comprising the steps of: 

a. scanning said material in at least one direction with 
a measuring apparatus; 
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b. continuously measuring the peak intensity and 
wavelength of said material as a function of posi 
tion; and 

c. producing an output showing continuous changes 
in peak intensity and wavelength as a function of 
position whereby said changes are indicative of the 
boundaries of said areas having different character 
istics. " 1 

12. A method of determining the location of areas, 
on a luminescent material, the areas having character 
istics different from other area, wherein the character 
istics are related to peak luminescent intensity and 
wavelength of the peak intensity comprising the steps 
of: ' ‘ 

a. scanning said material in at least one direction; 
b. simultaneously measuring the intensity emitted 
from said material at a ?rst wavelength of detec 
tion; 

c. simultaneously varying the wavelength of detec 
tion at which the intensity is measured by a small 
amount about the ?rst wavelength of detection‘ 
while continuously measuring the intensity; 

d. simultaneously measuring the derivative of the in 
tensity with respect to wavelength (dI/dk); 

e. simultaneously readjusting the ?rst wavelength 'of 
detection such that dI/dk = 0 continuously during 
the scan whereby said continuous measurement of 
intensity is locked on the peak intensity at all posi 
tions along the scan of the material; and 

f. producing an output showing changes in peak in 
tensity and wavelength as a function of position 
whereby said changes are indicative of the bounda 
ries of said areas having different characteristics. 

13. A method of obtaining parameters for evaluating 
a luminescent material comprising the steps of: 

a. measuring the average wavelength at which peak 
intensity occurs for said material; ._ 

b. measuring a reference peak intensity for said mate 
rial; 

c. scanning said material and continuously measuring 
the intensity and derivative of intensity with re 
spect to wavelength at said average wavelength; 

d. obtaining a ?rst value related to the standard devi 
ation of the wavelength from the average wave 
length; 

e. obtaining a second value related to the standard 
deviation of the intensity from the reference inten 
sity; 

f. counting the number of times that the wavelength 
for points on the material differs from said average 
wavelength by more than a predetermined amount; 
and . 

g. counting the number of times that the intensity for 
points on the material differs from said reference 
intensity by ‘more than a predetermined amount. 

14. The method of claim 13 wherein the differential 
intensity and derivative of wavelength are recti?ed and 
integrated to obtain said ?rst and second values, re 
spectively. ' 

15. A method of determining parameters related to 
the spectral line shape of a spectral line of light emitted 
at a point of a luminescent material comprising the 
steps of: _ 

a. determining the peak intensity and wavelength of 
peak intensity of the emitted light; 
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b. periodically varying the wavelength of detection of 
intensity about the wavelength of peak intensity at 
a frequency w; ' 

c. changing the amplitude of the double frequency 
term of the intensity until it reaches a predeter 
mined value, by changing the amplitude of the peri 
odic variation of the wavelength; 

(1. measuring the double frequency term of the inten 
sity, the coefficient of said double frequency term 
being related to the line width parameter of said 
spectral line; and 

e. measuring the single frequency term of the inten 
sity, the coef?cient of said single frequency term 
being related to the skewness parameter of said 
spectral line. 

16. The method of claim 15 wherein said periodic 
variation is sinusoidal. 

17. A method of determining the elemental composi 
tion of a luminescent material having an elemental 
composition related to peak luminescent intensity com 
prising the steps of: 

a. scanning said material in at least one direction; 
b. simultaneously measuring the intensity emitted 
from said material in a ?rst wavelength of detec 
tion; 

c. simultaneously varying the wavelength of detec 
tion at which the intensity is measured by a small 
amount about the ?rst wavelength of detection 
while continuously measuring the intensity; 

d. simultaneously measuring the derivative of the in 
tensity with respect to wavelength (dI/dA); 

e. simultaneously readjusting the ?rst wavelength of 
detection such that dl/dk = 0 continuously during 

5 

20 

25 

30 

40 

50 

60 

12 
the scan whereby said continuous measurement of 
intensity is locked‘ on the peak intensity at all posi 
tions along the scan of the material; and 

f. substituting the measured peak intensity into the 
relationship of composition to peak intensity, 
whereby said atomic proportions are determined as 
a continuous function of position. 

18. A method of determining the location of areas, 
on a luminescent material, the areas having character 
istics different from other areas, wherein the character 
istics are related to peak luminescent intensity compris 
ing the steps of: 

a. scanning said material in at least one direction; 
b. simultaneously measuring the intensity emitted 
from said material at a ?rst wavelength of detec 
tion; 

c. simultaneously varying the wavelength of detec 
tion at which the intensity is measured by a small 
amount about the ?rst wavelength of detection 
while continuously measuring the intensity; 

d. simultaneously measuring the derivative of the in 
tensity with respect to wavelength (dI/A); 

e. simultaneously readjusting the ?rst wavelength of 
detection such that dl/dA = 0 continuously during 
the scan whereby said continuous measurement of 
intensity is locked on the peak intensity at all posi 
tions along the scan of the material; and 

f. producing an output showing changes in peak in 
tensity as a function of position whereby said 
changes are indicative of the boundaries of said 
areas having different characteristics. 

* >|< * * * 


